Abstract: Aim: To evaluate the effectiveness of a community-based intervention program for NCD (non-communicable disease) risk factors prevention. Materials and methods: The authors conducted a quasi experimental study with a control group over five years between 2009 and 2014 in the region of Sousse, Tunisia. In each group, the sample size required was 1,000 participants. For this, the authors randomly selected 500 households from two areas and they included all adults aged 18 years and older in these households. They evaluated the habits of participants from both intervention and control groups at baseline in 2009-2010 and after three years of intervention in 2013-2014. They focused on the main lifestyle risk factors represented by poor diet, physical inactivity, and tobacco use. Results: Tobacco use decreased significantly among men by 7.3% (p = 0.03) in the intervention group, versus an increase of 3.5% in the control group (p = 0.4). Physical activity and fruits and vegetables intake increased significantly respectively by 25% (p < 0.001) and 19% (p < 0.001) in intervention group. Conclusion: The results suggest that a combined community-based lifestyle intervention in a developing country, can significantly improve some NCD risk factors. However, a supportive environment or a gender approach is required to maximize the effectiveness and maintain the sustainability of the health intervention.
Introduction
 A global health transition is currently underway: NCDs (non-communicable diseases) became the leading cause of mortality worldwide [1] . More than 80% of the global NCD deaths occur in low-and middle income countries [2] . Between 70% and 90% of these deaths are believed to be caused by preventable lifestyle factors including tobacco use, poor diet, and physical inactivity [3, 4] . Reducing the NCD burden via lifestyle modification has, therefore, become an urgent public health priority [5] . It has been suggested that structured integrated programs are most effective in NCD prevention [6] . However, it is difficult to implement them in low and middle income countries where capacity is low and political systems are poorly responsive [6] .
Interventions focusing on the whole community are attractive in terms of cost-effectiveness [7] , as well as combined interventions which are more beneficial than sole dietary or physical activity interventions [7] . Tunisia, a developing country, also has to fight against the burden of the epidemiological transition. In this context, the purpose of the present study was to evaluate the short term effectiveness of a three year community-based intervention for NCD risk factors prevention in the region of Sousse.
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Materials and Methods
Study Design
The authors carried out between 2009 and 2014, in the region of Sousse, the "Together in Health" program: a quasi-experimental study with control group. The program targeted to reduce the main NCD risk factors such as poor diet, physical inactivity, and tobacco use in different settings: neighborhood, schools, and workplaces. In the paper, the authors report data about adults in neighborhood.
The first community which served as the intervention group was from the delegations of Sousse-Jawhara and Sousse-Erriadh. The control group was from the delegation of Msaken located 12 kilometers away from the region of Sousse. The authors evaluated the habits of participants from both groups at baseline in 2009-2010. The authors focused on lifestyle risk factors represented by poor diet, physical inactivity, and tobacco use. Then an intervention was undertaken during three years in the intervention area. A second evaluation of the same habits was conducted after the intervention in both groups in 2013-2014.
Studied Population
Sample size calculation was based on a significance level of α = 5%, power of test β = 20%, two-sided test of hypothesis and 6% change in risk factors levels (tobacco use, poor diet and physical inactivity) giving a total sample of 1,000 adults in each group.
The authors used cluster sampling to select 1,000 households (500 households from each area) from 16 randomly selected districts. The authors included all adults aged 18 years and older in these households.
The baseline and post intervention evaluations were collected from two independent samples in each group.
Data Collection
The authors used, a questionnaire developed by the Oxford Health Alliance for the Community Interventions for Health project to collect data among participants in both groups. The authors translated this questionnaire to Arabic and pre-tested it before use. Pre-trained interviewers ensured the standardized administration at baseline and post intervention. The questionnaire enabled the authors to collect data about: self-reported socio-demographic characteristics, tobacco use, eating habits, and physical activity habits.
Variables Definitions
To define smokers among adults: the authors asked participants, "Do you currently smoke any tobacco products, such as cigarettes, cigars, or pipes?" Smokers were the participants who responded yes to this question.
The recommended level of physical activity was used as defined by the WHO (World Health Organization) for adults: 150 min of moderate-intensity aerobic physical activity throughout the week or at least 75 min of vigorous-intensity aerobic physical activity throughout the week or an equivalent combination [8] .
The daily consumption of at least five serving of fruits and vegetables was used to assess eating habits.
Intervention Program
During the three years between September 2010 and September 2013, community members in the intervention area were targeted in different settings.
In fact, they were periodically invited to participate in open days organized by the authors' team of medical doctors. There was a screening of overweight, diabetes and hypertension as well as sensitization about the three topics: tobacco cessation, healthy diet and physical activity. In addition, leaflets about the three topics were distributed to their houses. Moreover, the authors organized broadcasts and repetitive short messages about NCDs prevention through local radio stations.
This community-based intervention was enhanced, not only by two similar intervention programs in schools and workplaces, but also by a training of primary care physicians about NCDs management and The control group did not receive any kind of intervention from the authors' team during the three years. Nevertheless, in January 2011, a sociopolitical revolution came up in Tunisia which limited their possibilities to lead environmental actions and structural changes.
Data Analyses
Statistical analysis was performed using the SPSS 10.0 software. The authors used chi-square test to compare percentages and student's t-test to compare means in independent groups with 0.05 as significance level.
Ethical Considerations
Protocol, data collection forms, questionnaires and the manual of investigation methods were approved by the Ethic Committee of Farhat Hached University Hospital of Sousse. In addition to that, the authors asked also for authorizations from the Ministry of Health and the governor of the city of Sousse. Furthermore, they obtained an informed consent from each participant before the interview.
Results
Response Rate
At baseline, the authors' study population consisted of 940 adults in each group with a global response rate of 73.3%. At post intervention, they obtained 1,001 participants in the intervention group and 976 in control group. The global response rate was 68%.
Socio-Demographic Characteristics
Women represented 56.8% of participants at baseline and 55.8% at post intervention (p = 0.67) in the intervention group. They represented respectively 71.2% and 65.7% of participants at baseline and post intervention in the control group (p = 0.01).
Participants had a mean age of 37.2 ± 13.2 years at baseline in intervention group, it was about 39.2 ± 13.6 years at post intervention (p = 0.001). For the control group it was 38.6 ± 13.7 years at baseline and 40.4 ± 13.9 years at post intervention (p = 0.004).
In the intervention group, participants with low to middle socioeconomic status represented 62.8% at baseline and 58.3% at post intervention (p = 0.04). In control group they represented 65.2% at baseline and 54.8% at post intervention (p < 0.001).
Habits Evaluation
Tobacco Use
The tobacco use decreased insignificantly in the intervention group from 26.2% to 23.2% (p = 0.1). While, it increased significantly in the control group from 14.4% to 18.3% (p = 0.02).
Adjusting by sex, revealed a significant decrease among men in intervention group from 52.9% to 45.6% (p = 0.03) versus an insignificant increase in control group from 46.9% to 50.4% (p = 0.4). With women there was no significant change (Table 1) . For the two age categories under and over 40 years, there was insignificant decrease in tobacco use within intervention group and increase in control group (Table 1) .
Tobacco use decreased among participants in the higher socioeconomic level by 4.7% in the intervention group (p = 0.1) versus no significant change in the control group (p = 0.9). While among those in the lower socioeconomic level, tobacco use decreased by 1.4% (p = 0.6) in intervention group and increased by 5.4% in control group (p = 0.009) ( Table 1) .
Physical Activity
Concerning the practice of the recommended level of physical activity, we observed significant improvement in intervention group from 15.1% to 40.1% (p < 0.001) and from 15% to 38.5% in control group (p < 0.001). The authors observed in intervention group, much more improvement with men (26.3%) than women (8.2%) (p < 0.001) and with people older than 40 years (29.5%) than those younger (21.9 %) (p < 0.001). However, in the control group the improvement was higher with women and the youngest people ( Table 2) . While in both the intervention and control groups, participants in the lower socioeconomic level increased their physical activity more than those in the higher socioeconomic level (Table 2) .
Dietary Habits
The daily consumption of five servings of fruits and vegetables increased significantly from 39.4% to 58.4% (p < 0.001) in the intervention group and from 51.4% to 67.9% (p < 0.001) in control group. When adjusted by sex, age, and socioeconomic level, the authors found also a significant increase with all categories in both groups (Table 3) . Moreover, salty food intake decreased significantly respectively by 5.5% and by 10% in both the intervention (p = 0.01) and control groups (p < 0.001). Snack intake also decreased in both groups, but these decreases were not significant
Discussion
The authors' study showed an improvement on some NCD risk factors similar to those of the other community-based interventions in developing countries [9] .
The authors succeeded in reducing tobacco use especially among men. However, they observed no effect among women. This anti smoking effect was more pronounced within men than women was also seen in other developing country interventions such as those described in a large-scale study in Singapore [10] and Iran [11] . It has been suggested that there are some differences in the reasons for smoking cessation attempts by sex, which shows the necessity for interventions designed specifically for women [12] . The authors also observed a limited decrease in tobacco use among people from the low socioeconomic level. A slower decline in tobacco use within persons of lower socioeconomic status is frequently reported [13] [14] [15] [16] [17] [18] . Indeed they have more difficulties in quitting tobacco for several reasons, including more limited access to treatment, misinformation, lack of social support, discrimination, and other life stressors [13] [14] [15] [16] [17] [18] .
Existing evidence suggests that tobacco use prevention, delivered in combination with other health services, might be a more effective approach [19] . In the intervention, the authors targeted physical activity and dietary habits along with the tobacco cessation.
Concerning physical activity, they observed in the intervention group much more improvement among men than women, with people older than 40 years than those younger and with those from lower socioeconomic levels than those from higher socioeconomic levels. Studies conducted in developed and developing countries have shown that men are more physically active than women [20] [21] [22] .
These findings seem to be related to a lack of motivation and free time, and special attitudes in women [21, 22] .
Other researchers have detected a strong inverse association between age and physical activity [23, 24] related perhaps to a lack of discretionary time, increasing work time, and family responsibilities that commonly occur during the life course. However, in the study, the recommended physical activity increased among older people in the intervention group. This result is similar with a study reported by Del Duca G et al. [25] where they detected a positive association between age and walking besides a negatively association with soccer and weight lifting.
As shown in several other studies, the authors' findings showed that with the lower socioeconomic status level they have a higher rate of physical activity [26] [27] [28] [29] . In the same context, Droomers et al. found among low socioeconomic status groups: lower leisure-time and more occupational physical activity [30] .
In regard to dietary habits, the authors' intervention had a positive effect on some of them. Fruits and vegetables consumption increased among all the community categories. Like many Mediterranean countries, in Tunisia fruits and vegetables are relatively accessible to people from the different socioeconomic levels. Moreover, salty foods as well as snack intake decreased in intervention group. Similar outcomes in five comprehensive community-based interventions were reported by a systemic review where there was an increase of the frequency of healthful food intake [31] .
Limited effects with sex, age, and socioeconomic status highlighted the importance of culture, age, and sex-specific interventions.
Some improvements in intervention group related to dietary habits and physical activity were also seen in the control group. Diffusion effects may explain this result. In fact, the delegation of Msaken is 12 kilometers away from the city of Sousse where the authors organized open days. Moreover, they provided interventions through the local radio station which could be heard in the both areas. A reaction of people to the baseline survey "Hawthorne effect" may have also happened in control group: participants could improve their behavior after being interviewed because of their awareness that they will be observed. The community-based intervention was concomitant with two similar interventions: one in workplaces and another in schools. Nevertheless their intervention might be more effective if the authors could apply some environmental changes. Unfortunately, the programmed structural and environmental actions were not applied in our study; this was due to the political instability that happened in Tunisia since January 2011. While, it is known that comprehensive strategies are the most effective interventions in preventing NCDs [32] [33] [34] [35] [36] .
Strength and Limitation
The study is considered between the rare community-based interventions in Tunisia with a large sample. The choice of intervention and control areas took into consideration an adequate distance between the two groups to avoid contamination but at the same time it should not be very far to ensure the feasibility of data collection. The intervention lasted three years, the authors have few other studies having such important period before in Tunisia but this period could be considered limited compared to other international studies. Self assessment of habits by participants could be a source of error especially when measuring small behavior changes.
Across the intervention, the authors have seen a political instability: the "Tunisian revolution" that is why they had to double efforts to imply the new responsibilities and adapt our program with the new social conditions. Therefore, multi-sectorial and structural actions were limited in our program because decision makers had other priorities and challenges after this revolution.
Conclusion
Combined community-based lifestyle intervention in a developing country can significantly improve some NCD risk factors over a relatively short time span. Some limited effects linked to particular characteristics suggested that a supportive environment or a gender approach, is required to maximize the effectiveness and maintains the sustainability of the health intervention.
